To assess the potential for mycotoxin contamination of the human food supply following the 1988 U.S. drought, 92 grain food samples were purchased from retail outlets in the summer of 1989 and surveyed for aflatoxin Bl, zearalenone, and deoxynivalenol (DON [vomitoxin]) by monoclonal antibody-based competitive enzyme-linked immunosorbent assay (ELISA). Only one sample (buckwheat flour) was found to contain aflatoxin B1 (12 ng/g), whereas zearalenone was found in 26% of the samples at a mean concentration of 19 ng/g. In contrast, the DON ELISA was positive in 50% of the samples at a detection level of 1.0 ,ug/g. Between 63 and 88% of corn cereals, wheat flour/muffin mixes, rice cereals, and corn meal/muffin mixes yielded positive results for DON, whereas 25 to 50% of oat cereals, wheat-and oat-based cookies/crackers, corn chips, popcorn, and mixed-grain cereals were positive for DON. The mean DON content of the positive samples was 4.0 ,ug/g, and the minimum and maximum levels were 1.2 and 19 ,ug/g, respectively. When positive ELISA samples were also analyzed by high-performance liquid chromatography, a strong correlation between the two methods was found. The presence of DON in the two highest samples, corn meal and mixed-grain cereal, which contained 19 and 16 ,ug/g, respectively, was quantitatively confirmed by gas chromatography-mass spectrometry. The results indicated that DON was present in 1989 retail food products at concentrations that exceeded those found in previous market surveys and that have been experimentally associated with impaired animal health.
Aflatoxin B1 (AFB1), zearalenone (ZEA), and deoxynivalenol (DON [vomitoxin] ) are among the mycotoxins most commonly detected following fungal colonization of cereal grains in the field and during storage throughout the world. AFB1 is an extremely potent liver carcinogen in experimental animals, and a correlation has been drawn between degree of AFB1 exposure and human primary hepatocellular carcinoma in developing countries (2) . ZEA, produced by members of the genus Fusarium, elicits estrogenic effects in mammalian reproductive systems and has been specifically associated with field cases of swine hyperestrogenism (18) . DON is a trichothecene mycotoxin that is also produced by Fusarium spp. and that causes feed refusal, reduced weight gain, emesis, and altered immune function (20, 29) .
Increased contamination of corn, wheat, and other cereal grains by fungi and their resultant mycotoxins have been associated with climatic factors such as drought or excessive rainfall (6) . Of particular concern were high aflatoxin levels in commodities harvested in the United States during and after the severe 1988 drought. However, there is no published information on occurrence of aflatoxin or other mycotoxins in retail foods following this period. To assess the degree of mycotoxin carryover to the human food supply in the year following the drought, monoclonal antibody-based enzyme-linked immunosorbent assays (ELISAs) were used to survey for the presence of AFB1, ZEA, and DON in grain-based food products purchased from retail outlets in 1989 . The results suggested that AFB1 and ZEA contamination were negligible, but there was widespread occurrence of DON in food products at levels that have been experimentally associated with impaired animal health. MYCOTOXINS IN 1989 GRAIN FOODS 673 with 4 ml of chloroform four times, the H20 fractions were extracted 10 times with 5 ml of ethyl ether, and then the ether fraction was evaporated under N2. DON-hemisuccinate was conjugated to OA for use as a solid phase in the competitive indirect ELISA by the procedure of Kitagawa et al. (16) .
Food samples. Ninety-two grain-based food products that included breakfast cereals, corn meal, wheat flour, and muffin mixes, popcorn, crackers, and mixed-grain cereals were purchased from mid-Michigan retail grocery outlets and natural food stores during August of 1989.
Sample preparation for ELISA. For initial ELISA screening, samples were ground and 25 g was extracted by shaking for 60 min with 100 ml of methanol-water (7:3). The extract was centrifuged and 4 ml of the supernatant was evaporated under N2. The residue was dissolved in 5 ml of 0.01 M phosphate-buffered (pH 7.2) saline (PBS), filtered, and subjected to ELISA.
Sample preparation for DON confirmation. For subsequent confirmation, all samples testing positive for DON in the ELISA and selected negative samples were extracted with acetonitrile-water (9:1). Aliquots were evaporated and redissolved in PBS for quantitative DON ELISA. Additional aliquots were cleaned up by passage through activated carbon-alumina columns as described by Romer (23) for subsequent high-performance thin-layer chromatography (HPTLC), high-performance liquid chromatography (HPLC), and gas chromatography-mass spectrometry (GC-MS) confirmation. Eluates were evaporated and dissolved in appropriate solvents for each method.
ELISA. Direct competitive ELISA was used to quantitate AFB1 and ZEA (22, 30) . Each well of microtiter plates (Immulon 2 Removawell strips; Dynatech Laboratories, Alexandria, Va.) was coated with 125 ,ul of specific mycotoxin monoclonal antibody (AFB1 or ZEA monoclonal antibody) diluted 1:1,000 in 0.1 M carbonate buffer (pH 9.6). The antibody was dried onto the wells in a forced-air oven at 40°C. Wells were washed four times with PBS containing 0.05% (vol/vol) Tween 20 (PBS-Tween). Nonspecific binding was minimized by blocking the unbound sites of each well with 300 ,1u of PBS containing 1% (wt/vol) OA (PBS-OA) at 37°C for 30 min. After washing with PBS-Tween, mycotoxin standards or sample extracts (50 ,ul) were added to each well followed by 50 ,u of mycotoxin-HRP conjugate (AFB1-HRP or ZEA-HRP; 0.5 mg/ml) diluted 1:500 in PBS-OA, and plates were then incubated at 37°C for 60 min. The by several other methods to corroborate the results. Aliquots of acetonitrile-water extracts were cleaned up by passage through activated carbon-alumina columns and subjected to HPTLC, HPLC, and GC-MS. Figure 2 reveals that HPTLC also indicated the presence of DON in ELISApositive samples selected from the major groups of grain foods. Similarly, ELISA-positive samples yielded absorbance peaks of retention time identical to that for DON standard in HPLC (Fig. 3) . Based on HPLC quantitation, the average DON concentration for the positive samples was 4.1 ,ug/g, with a maximum of 17.5 ,ug/g and a minimum of 0.5 ,ug/g. A strong correlation (r2 = 0.965) existed between ELISA and HPLC estimated for DON in the samples (Fig.  4) . Of the 46 ELISA-positive samples, only 4 could not be verified by HPLC. Also, 1 of 20 negative samples was found to contain DON (1.1 ,ug/g).
For further confirmation, the two most highly contaminated samples of corn meal and mixed-grain cereal were subjected to quantitative GC-MS analysis. The GC retention times ( Fig. 5 ) and mass spectra (Fig. 6) (19) . ELISA has been previously validated for the screening of AFB1 (22) The levels of ZEA found in samples were those found previously by our group and ot The mean level for positive samples, 19 ng/ expected to present a hazard to the consui recent risk assessment for ZEA (17) .
The data suggest that there was a high inc in cereal grain products, consistent with re wide occurrence of DON and other trichoth ins (25) . For species (12, 13, 19) . The U.S. Food and Drug Administration
has designated 2 p.g of DON per g as a "level of concern" for 400 500 wheat products intended for human consumption and, relatedly, the Canadian government has set guidelines of 1 and 2 ,ug/g for softwheat intended for infant foods and for humans, C.
respectively (29) . Of additional concern is the capacity of DON to alter immunity, particularly mucosal immune function (20 
